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ABSTRACT: 

PURPOSE: To compensate the difference of loss differing based on the difference of 
length of electricity supplying cables and the types of rectifying circuits and provide 
stable plasma by detecting effective transmitted electric power supplied to a plasma 
chamber by an electric power detecting circuit and carrying out negative feedback of the 
detected value as an electric power detected value to a high frequency electric power 
source. 

CONSTITUTION: An electric power detecting circuit 40 to detect effective 
transmitted electric power to a plasma chamber 20 detects high frequency electric current 
flowing through a rectifying circuit 30 by a current transformer 41 . The detected current 
is transformed into voltage through a terminal resistor 42 and the voltage of a high 
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frequency output sent out through the rectifying circuit 30 is detected by dividing the 
voltage by voltage dividing resistors 43, 44. Detected current of the high frequency 
output detected by the current transformer 41 and current of a local electric power source 
45 are multiplied by a double balanced mixer 46a to carry out frequency mixing and the 
divided voltage and the voltage of the electric power source 45 are multiplied by a mixer 
46b to carry out mixing. After passing a high band interfereing filter 47, the outputs of 
the mixer 46a, 46b are multiplied by a multiplier 48 and converted into low frequency by 
a low ban filter 49 and thus high frequency electric power can be detected. As effective 
transmitted electric power value, the detected value is turned back to the electric power 
source 3 side by negative feedback. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the notional block block diagram showing the plasma equipment concerning the example 1 of this 
invention. 

[Drawin g 2] It is the partial detail block diagram showing the RF generator of drawing 1 , and the internal 
configuration of a matching circuit. 

[Drawing 3] It is the circuit diagram showing the internal configuration of the power detector of drawing 1 . 
[Drawing 4] It is the wave form chart with which explanation of a power operation is presented. 
[Drawing 5] It is the block diagram showing the plasma equipment concerning the conventional example. 
[Drawing 6] It is the circuit diagram showing the internal configuration of the power detector of drawing 5 . 
[Description of Notations] 

10 An RF generator, 20 A plasma chamber, 30 A matching circuit, 40 A power detector, 41 43 A current transformer, 
44 Partial pressure resistance, 45 Local power source, 46a, 46b A double-balanced mixer (mixer), 47 A RF inhibition 
filter, 48 A multiplier, 49a, 49b The resistance and the capacitor which constitute a filter. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma equipment for generating the plasma which controlled the 
supply voltage transmitted to the plasma chamber which carries out plasma discharge, and was stabilized from the RF 
generator. 
[0002] 

[Description of the Prior Art] It is the block diagram showing conventional plasma equipment in drawing 5 . In 
drawing 5 , the RF generator in which 1 generates RF (it is also called Following RF) large power, the plasma chamber 
as the plasma generating section in which high-frequency power is supplied through a matching circuit from this RF 
generator 1, and 20 generates the plasma, and 30 are the matching circuits for being prepared between above- 
mentioned RF generator 1 and the above-mentioned plasma chamber 20, and taking adjustment with the impedance of 
a power source, and a plasma discharge impedance. 

[0003] Here as above-mentioned RF generator 1 As a source of an oscillation The RF output based on ************ 2 
and a crystal oscillator 2 By the power detector 6 and the power detector 6 which detect the oscillator circuit 3 to send 
out, the gain equalization circuit 4 which adjusts the gain of the RF output outputted from an oscillator circuit 3, the 
power amplification circuit 5 which amplifies the RF output through the gain equalization circuit 4, incidence power, 
and reflective power It has the subtractor 7 which searches for the comparison difference of the incidence power and 
the high-frequency power set point (RF power set point) over the plasma chamber 20 detected, and the gain control 
circuit 8 which controls the gain of the above-mentioned gain equalization circuit 4 based on the comparison difference 
outputted from this subtractor 7. 

[0004] Moreover, it has variable-capacitor 30c for adjusting a part for an inductance as the above-mentioned matching 
circuit 30 combining variable-capacitor 30a, choke 30b, and this choke 30b, and 50a and 50b are the electric supply 
cables (coaxial cable) formed between the matching circuit 30 and the plasma chamber 20 between an RF generator 
and matching circuits 30, respectively. 

[0005] Furthermore, it has the configuration shown in drawing 6 as a power detector 6 in above-mentioned RF 
generator 1. In drawing 6 , the electrical-potential-difference coupled circuit for detecting diode for the current 
transformer which detects the current to which 6a flows between a power amplifier 5 and a matching circuit 30, and 6b 
and 6c detecting 6d, and for a terminator and 6e detecting an incident wave and a reflected wave, and 6f of electrical 
potential differences, and 6g and 6h are [ a square circuit and 6k and 61. of a filter, and 6i and 6j ] a RF input terminal 
and an output terminal. 

[0006] Next, actuation is explained. The output power of RF generator 1 is detected as incidence power by the power 
detector 6 currently installed in the output section of RF generator 1. According to the comparison difference of this 
signal and RF power set point, the gain of the gain equalization circuit 4 is controlled by the gain control circuit 8, and 
power magnification of the output which passed through this gain equalization circuit 4 is carried out by power 
amplifier 5. By the loop formation of this power control, the output of RF generator 1 can oscillate the output according 
to RF power set point. 

[0007] The power outlet of above-mentioned RF generator 1 is sent to a matching circuit 30 through electric supply 
cable 50a. The function of this matching circuit 30 is for taking adjustment of source impedance (there is usually much 
50 ohm) and a plasma discharge impedance. By adjusting the variable capacitors 30a and 30c built in The input side of 
a matching circuit 30 becomes the impedance (50ohms) which saw the electric supply cable and power-source side. 
When the impedance which saw the plasma side is R-jx, the impedance when seeing a power-source side from the 
output side of a matching circuit 30 sets an output side to R+jx, i.e., this point. Become the relation of a complex- 
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conjugate impedance, the conditions of the maximum transfer of power are realized, and the impedance which saw 
right and left makes the power of high-frequency power transmit to the plasma chamber 20, and can perform plasma t 
discharge. 

[0008] The current detected by current transformer 6a here in the power detector 6 currently installed in the output 
section of RF generator 1 is an electrical potential difference Vi by Terminators 6b and 6c. It is changed. Moreover, it 
is VV about the electrical potential difference detected by 6f of electrical-potential-difference coupled circuits. Then, 
incidence power and reflective power are detected based on a degree type. 
Vi =K(IF+IR)=VF1+VR1 (1) 
Vu=VF-VR(2) 

IR VR The current by the reflected wave and a voltage component, and IF VF The current by the incident wave and a 
voltage component, and K show a proportionality constant, and since reflection becomes opposition, as for a current 
and an electrical potential difference, signs differ. VF1 and VF It is (1), when it sets up so that it may become equal (2). 
V<SUB>F =1 / 2 (Vi+W) (4) 
VR=l/2(Vi-W)(5) 

The relation shown in an upper type is realized. And power is detected by letting the square circuits 6i and 6j pass for 

an upper type. However, the load impedance at this time is limited with 50-ohm resistance. 

[0009] 

[Problem(s) to be Solved by the Invention] By the way, the electric supply method in the conventional plasma 
equipment mentioned above Since it is controlling so that the high-frequency power of the outgoing end of RF 
generator 1 becomes RF power set point, The loss in the electric supply cables 50a and 50b and a matching circuit 30 
occurs. The next door of about ten% of value and the true effective transmission power transmitted to the plasma 
chamber 20 became inaccurate, and this loss also had the trouble that **** arose between equipment by the difference 
in electric supply cable die length, the model of matching circuit, etc. 

[0010] It was made in order to cancel the above troubles, and the difference of loss by the difference in electric supply 
cable die length and the model of matching circuit is amended, this invention can transmit assignment effective power 
to a plasma chamber certainly, and it aims at obtaining the plasma equipment which can generate the more stable 
plasma. 
[0011] 

[Means for Solving the Problem] The RF generator to which gain is controlled and, as for the plasma equipment 
concerning this invention, sends out the RF output according to the above-mentioned high-frequency power set point 
according to the comparison difference of the high-frequency power set point and a power detection value, The plasma 
chamber which the high frequency output from this RF generator is transmitted, and carries out plasma discharge, The 
matching circuit which is prepared between the above-mentioned RF generator and the above-mentioned plasma 
chamber, and takes adjustment with source impedance and a plasma discharge impedance, It is characterized by 
detecting the effective transmission power supplied to the above-mentioned plasma chamber, having the power detector 
which applies the detection value to the above-mentioned RF generator for negative feedback as a power detection 
value, compensating loss of an electric supply system, and stabilizing plasma discharge. 
[0012] Moreover, the electrical potential difference of the RF output transmitted to the above-mentioned plasma 
chamber as the above-mentioned power detector and a detection means to detect a current, The mixer which carries out 
the multiplication of the electrical potential difference and current of a RF output which were detected to a different 
frequency component, and carries out frequency mixing, It is characterized by having the multiplier which becomes 
with the electrical potential difference through the high region inhibition filter from which the high frequency 
component of the electrical potential difference outputted from this mixer and a current is removed, and this high 
region inhibition filter, and the integrated circuit which performs the multiplication of a current, and the low-pass filter 
which separates only an in one direction flowed part of the output of this multiplier. 
[0013] 

[Function] That detection value by applying negative feedback to an RF generator as a power detection value by 
detecting the effective transmission power supplied to a plasma chamber by the power detector in the plasma 
equipment concerning this invention Loss of an electric supply system can be compensated, plasma discharge can be 
stabilized, the difference of loss by the difference in electric supply cable die length and the model of matching circuit 
can be amended, assignment effective power can be certainly transmitted to a plasma chamber, and the more stable 
plasma can be generated. 

[0014] Moreover, the electrical potential difference of the RF output transmitted to the above-mentioned plasma 
chamber as the above-mentioned power detector and a detection means to detect a current, The mixer which carries out 
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the multiplication of the electrical potential difference and current of a RF output which were detected to a different 
frequency component, and carries out frequency mixing, The high region inhibition filter from which the high 
frequency component of the electrical potential difference outputted from this mixer and a current is removed, By 
having had the multiplier which becomes with the electrical potential difference through this high region inhibition 
filter, and the integrated circuit which performs the multiplication of a current, and the low-pass filter which separates 
only an in one direction flowed part of the output of this multiplier The power operation in a RF is transposed to the 
operation of low frequency, changing a RF into low frequency and holding the electrical potential difference in low 
frequency, and the phase relation of a current. The multiplier of the electrical potential difference which becomes with 
an integrated circuit, and a current can calculate high-frequency power in the frequency band which can operate 
sufficiently stably, and can detect exact power [ be / nothing ] with regards to the characteristic impedance of a 
transmission line. By applying an electrical potential difference and the effective power value based on the 
multiplication result of a current for negative feedback to an RF generator, exact transmission effective power is 
controllable. 
[0015] 
[Example] 

This invention is explained based on an illustration example below example 1. The notional block block diagram and 
drawing 2 which show the plasma equipment which drawing 1 requires for an example 1, and drawing 3 show the 
partial detail block diagram and the internal configuration Fig. of the power detector 40 of drawing 1 showing RF 
generator 10 of drawing 1 , and the internal configuration of a matching circuit 30, respectively. In these drawings, the 
same part as the conventional example shown in drawing 5 showed the same sign, 20 is a plasma chamber, 30 is a 
matching circuit, and this matching circuit 30 is equipped with variable-capacitor 30c for adjusting a part for an 
inductance combining variable-capacitor 30a, choke 30b, and this choke 30b like the conventional example shown in 
drawing 5 . 

[0016] As a new sign, 10 shows the RF generator concerning this example 1 which has the configuration explained in 
full detail to drawing 2 . As this RF generator 10 Like the conventional example shown in drawin g 5 By the oscillator 
circuit 3 which sends out the RF output based on the crystal oscillator 2 as a source of an oscillation, and a crystal 
oscillator 2, the gain equalization circuit 4 which adjusts the gain of the RF output outputted from an oscillator circuit 
3, the power amplification circuit 5 which amplifies the RF output through the gain equalization circuit 4, and the 
power detector 40 mentioned later It has the subtractor 7 which carries out negative feedback of the effective power 
value detected, and searches for the comparison difference of that effective power value and high-frequency power set 
point (RF power set point), and the gain control circuit 8 which controls the gain of the above-mentioned gain 
equalization circuit 4 based on the comparison difference outputted from this subtractor 7. A power detector like the 
conventional example is not built in. 

[0017] 40 shows the power detector concerning this example 1 which has the configuration explained in full detail to 
drawing 3 . Moreover, as this power detector 40 The terminator 42 for transforming into an electrical potential 
difference the current transformer 41 which detects the current of the RF output which flows through a matching circuit 
30, and its detection current, and a matching circuit 30 are minded. With the partial pressure resistance 43 and 44 for 
pressuring partially and detecting the electrical potential difference of the RF output outputted, the local power source 
45, and the above-mentioned current transformer 41 By double-balanced mixer 46a as a mixer and the above- 
mentioned part piezo-resistances 43 and 44 which carry out the multiplication of the detection current of a RF output 
and the current of the above-mentioned local power source 45 which are detected, and carry out frequency-mixing 
Double-balanced mixer 46b as a mixer which carries out the multiplication of the electrical potential difference by 
which the partial pressure was carried out, and the electrical potential difference of the above-mentioned local power 
source 45, and carries out frequency-mixing, The high region inhibition filter 47 for removing the high frequency 
component of the output of the above-mentioned double-balanced mixers 46a and 46b and this high region inhibition 
filter 47 are minded. Resistance 49a and capacitor 49b which constitute the multiplier 48 which a high frequency 
component becomes with the integrated circuit which performs the electrical potential difference of the above- 
mentioned double-balanced mixers 46a and 46b and the multiplication of a current which are removed and outputted, 
and calculates power, and the low-pass filter which separates only an in one direction flowed part of the output of this 
multiplier 48 It has and this circuit is made as [ acquire / the effective power value of an electric supply system ] by 
carrying out frequency mixing, changing into low frequency, maintaining the electrical potential difference of high- 
frequency power, and the phase relation of a current, performing the multiplication of an electrical potential difference 
and a current, and finding power. In addition, 40a and 40b are a high frequency input terminal by the side of the 
matching circuit 30 of the power detector 40, and a high frequency output terminal by the side of the plasma chamber 
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20, respectively. 

[001 8] Here, they are K and omegaL about the constant and frequency of a signal of omegaR and the local power 
source 45 in the frequency of the RF output inputted into RF input terminal 40a through the above-mentioned matching 
circuit 30. Carry out and the electrical potential difference and current of a RF output are set to V and I. Output V0 by 
which multiplication was carried out in phase contrast in the meantime by theta, then the above-mentioned double- 
balanced mixers 46a and 46b as a mixer And 10 It is shown by the bottom type using a triangular addition theorem. 

10 = Isin (omega Rt+theta) and Ksin (omegaLt) 

= IK/2 {cos [(omega R-omegaL) t+theta]-cos[(omega R+omegaL) t+theta]} (6) 

V0 = VsinomegaRt-KsinomegaLt = VK/2 [cos(omega R-omegaL) t-cos(omega R+omegaL) t] (7) 

[0019] (6) And the high region inhibition filter 47 excepts the 2nd term of (7) types for a RF field. It is frequency [ of 

the local power source 45 ] omega L so that the frequency of the difference of (omega R-omegaL) of the 1st term may 

become the less than field where the integrated circuit for multiplication as a multiplier 48 operates sufficiently stably, 

for example, 100kHz. If it is made to determine Changing a RF into low frequency and holding the electrical potential 

difference in low frequency, and the phase relation of a current, the power operation in a RF can be transposed to the 

power operation in low frequency, and high-frequency power can be calculated with the clock frequency of the 

integrated circuit for multiplication. 

[0020] The input signals Ii and Vi of an electrical potential difference and a current inputted into a multiplier 48 
through the above-mentioned quantity region inhibition filter 47 are expressed with a degree type. 

11 =IK /2cos [(omega R-omegaL) t+theta] (8) 
Vi =VK /2cos(omega R-omegaL) t (9) 

A multiplier 48 can obtain the wave-like power P, as by carrying out multiplication shows these both to drawing 4 . In 
addition, in drawing 4 , in (a), the power P in case an electrical potential difference Vi and Current Ii are inphases, and 
(b) show the power P at the time of pi / 4 current delay, and (c) shows the power P at the time of pi / 2 current delay, 
respectively. 

[0021] The operation expression of the power P calculated with the above-mentioned multiplier 48 is omegab about 
low frequency. If it carries out P=I-V-K 2/4 -(cosomegabt+theta)- cosomegabt (10) 

A next door and average power serve as the average of the shadow area of drawing 4 , and the transmission power of 

the high-frequency power shown in a degree type as an average of a round term is obtained. 

P=k'VIcostheta(ll) 

This value is the area of the shadow area of drawing 4 , and can be taken out as the average of this value, i.e., an in one 
direction flowed part, by letting the low-pass filter which becomes by resistance 49a and capacitor 49b pass. Therefore, 
it becomes controllable [ controllable transmission effective power was stabilized ] by constituting a control loop by 
making this value into a transmission effective power value, so that negative feedback may be returned to a power- 
source side. 

[0022] According to the above-mentioned example 1, to therefore, the power detector 40 which detects the effective 
transmission power to the plasma chamber 20 By having transposed the power operation in a RF to the operation of 
low frequency, having changed the RF into low frequency and holding the electrical potential difference in low 
frequency, and the phase relation of a current using the double-balanced mixers 46a and 46b as a frequency-mixing 
machine The multiplier 48 of the electrical potential difference which becomes with an integrated circuit, and a current 
can calculate high-frequency power in the frequency band which can operate sufficiently stably. Moreover, 
conventionally, although the voltage standing wave stood after the outgoing end of a matching circuit 30 for complex- 
conjugate impedance matching, it was the effect of a plasma impedance and the error was large to power detection in 
the transmission line whose characteristic impedance is usually 50ohms Since both multiplication detected power in the 
above-mentioned example, holding an electrical potential difference and the phase relation of a current Exact power 
[ be / nothing ] can be detected with regards to the characteristic impedance of a transmission line, and transmission 
effective power can be controlled by applying an electrical potential difference and the effective power value based on 
the multiplication result of a current for negative feedback to the gain equalization circuit 4 of RF generator 10. 
[0023] In the example 1 of which example 2. **** was done, although the power detector 40 was established in the 
matching circuit 30 and the transmission line between the plasma chambers 20, the above-mentioned power detector 40 
can also be installed near the discharge electrode in the plasma chamber 20. Moreover, it can also be made to build in a 
matching circuit 30. Like this technique, monitors, such as high-frequency voltage and a phase of a current, and 
amplitude, are cheaply made by changing the frequency of high-frequency power into low frequency, using the double- 
balanced mixers 46a and 46b as a frequency-mixing machine. 

[0024] Moreover, the IMBI dance in the input edge of a matching circuit 30 has an electrical potential difference and a 
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carrent in phase, and although resistance is controlled automatically to be set to 50 ohms, a current and the phase 
contrast of an electrical potential difference can be known by inputting high-frequency voltage instead of inputting a 
local frequency, without using the local power source 45 of drawing 3 also for the phase contrast detection at this time. 
The absolute value of an IMBI dance can be made to be able to calculate in a low frequency region using a double- 
balanced mixer and a divider like drawing 3 , and can be made into the control signal of a matching circuit using this 
value and the above-mentioned phase contrast. 

[0025] This invention can be carried out according to the following modes. 

- Make the power detector 40 build in RF generator 10. 

- Make the power detector 40 build in a matching circuit 30. 

- Attach the power detector 40 to the plasma chamber 20. 
[0026] 

[Effect of the Invention] According to this invention, that detection value as mentioned above, by applying negative 
feedback to an RF generator as a power detection value by detecting the effective transmission power supplied to a 
plasma chamber by the power detector Loss of an electric supply system can be compensated and plasma discharge can 
be stabilized. The classification of an electric supply cable, If all of the difference of loss by the difference in die 
length, the difference of the heat loss inside a matching circuit, and the difference of loss by the model can be 
compensated, assignment effective power can be certainly transmitted to a plasma chamber and stabilization of the 
plasma can be measured Both **** between equipment can be lost, it comes, and equalization of the plasma process of 
a production site can be measured. 

[0027] Moreover, the electrical potential difference of the RF output transmitted to the above-mentioned plasma 
chamber as the above-mentioned power detector and a detection means to detect a current, The mixer which carries out 
the multiplication of the electrical potential difference and current of a RF output which were detected to a different 
frequency component, and carries out frequency mixing, The high region inhibition filter from which the high 
frequency component of the electrical potential difference outputted from this mixer and a current is removed, By 
having had the multiplier which becomes with the electrical potential difference through this high region inhibition 
filter, and the integrated circuit which performs the multiplication of a current, and the low-pass filter which separates 
only an in one direction flowed part of the output of this multiplier The power operation in a RF is transposed to the 
operation of low frequency, changing a RF into low frequency and holding the electrical potential difference in low 
frequency, and the phase relation of a current. The multiplier of the electrical potential difference which becomes with 
an integrated circuit, and a current can calculate high-frequency power in the frequency band which can operate 
sufficiently stably, and can detect exact power [ be / nothing ] with regards to the characteristic impedance of a 
transmission line. By applying an electrical potential difference and the effective power value based on the 
multiplication result of a current for negative feedback to an RF generator, exact transmission effective power is 
controllable. 



[Translation done.] 
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